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57 ABSTRACT

Apparatus for use in remotely connecting a plurality of
lines for carrying fluid terminating in a first hub to a
plurality of lines for carrying fluid terminating in a
second hub, the hubs being initially arranged with their
axes approximately coaxial but spaced apart, comprises
a plurality of first engagement members fixed relative to
the first hub and comprising generally conical receptor
elements forming end portions of elongate tubular mem-
bers arranged around the first hub with their axes gener-
ally parallel to that of the first hub, and a plurality of
second engagement members comprising generally con-
ical elements forming end portions of elongate members
arranged around the second hub with their axes gener-
ally parallel to that of the second hub. The second en-
gagement members are slidably received in guide
sleeves fixed to the second hub, the engagement mem-
bers being movable relative to the guide sleeves be-
tween extended positions in which the conical elements
are received in and engage the conical receptors to
axially align the hubs, and retracted positions. Latch
means are mounted on the second engagement members
for latching the first and second engagement members
together when engaged so that retraction of the second
engagement members will juxtapose the hubs.

The apparatus also includes clamp means for clamping
the juxtaposed ends of the hubs together. A seal plate
carrying seals for sealing the connections of the fluid
lines in the hubs may be inteposed between the end
connection faces of the hubs before they are clamped
together.

30 Claims, 18 Drawing Sheets
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IMPROVEMENTS IN AND RELATING TO
CONNECTION ASSEMBLIES AND COMPONENTS
THEREOF

FIELD OF THE INVENTION

The present invention relates to an assembly and the
components thereof for connecting together fluid car-
rying and/or electrical lines of two adjacent sub-sea
assemblies, such as for example a Christmas Tree (CT)
and a fluid control module or assembly of modules
(FCM) mounted adjacent the CT.

SUMMARY OF THE INVENTION

According to the present invention there is provided
apparatus for use in connecting a plurality of lines for
carrying fluid terminating in a first hub to a plurality of
lines for carrying fluid terminating in a second hub, the
hubs being initially arranged with their axes approxi-
mately coaxial and spaced apart, comprising a plurality
of first engagement members arranged around and fixed
relative to the first hub, a plurality of second engage-
ment members arranged around and associated with the
second hub, the second engagement members being
movable relative to the second hub in the direction of
the axis thereof between an extended position for en-
gaging the first engagement members and a retracted
position, the engagement members being adapted such
that engagement of the first engagement members with
the second engagement members causes alignment of
the engagement members and of the hubs associated
therewith, means for moving the second engagement
members between their operative and inoperative posi-
tions, and latch means for latching the engaged engage-
ment members together so that retraction of the second
engagement members causes the hubs to be juxtaposed.

The engagement members preferably comprise a
plurality of generally conical or tapering elements,
which may form end portions of elongate members
arranged around one hub with their axes generally par-
allel to that of the hub, and a plurality of generally
conical or tapering receptor elements for receiving the
conical elements, and which may form end portions of
elongate members arranged around the other hub with
their axes generally parallel to that of the other hub.

The elongate members associated with one of the
hubs may be received in guide sleeves fixed relative to
that hub and slidable relative thereto between the re-
tracted and extended positions.

Preferably, seals for sealing the connections of the
fluid carrying lines in the hubs are carried by a separate
seal plate means which is interposed between the end
connection faces of the hubs.

One hub and its associated sub-sea assembly, e.g. the
FCM, may carry all the means requiring operation for
bringing the ends of the hubs together and for clamping
them together, the means associated with the other hub
being passive.

One hub may be supported on its associated sub-sea
assembly, e.g. the CT, in such a way as to be movable
relative thereto to accommodate misalignment of the
hubs arising from manufacturing and installation toler-
ances. Initially this hub may be restrained axially rela-
tive to its associated sub-sea assembly by means which
are releasable in the course of its alignment and juxtapo-
sition relative to the other hub.

One sub-sea assembly and/or its associated hub may
carry clamp means for clamping the ends of hubs to-
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gether, when juxtaposed, with the interposition of the
seal plate means, if provided. The clamp means may be
mounted relative to the one sub-sea assembly such that
it can move to a limited extent axially and/or trans-
versely of the hub. The clamp means is normally
aligned with the end connection face of the one hub in
a position to be engaged thereabout.

An embodiment according to the present invention
will now be described, by way of example only, with
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation of an embodiment of a hub
according to the present invention;

FIG. 2 is an end view of the hub of FIG. 1;

FIGS. 3, 4 and 5 are sections on the lines 111—111
and 1IV—I1V of FIG. 2 and V—V of FIG. 1, respec-
tively;

FIG. 6 is a side elevation of an embodiment of an-
other hub according to the present invention;

FIG. 7 is an end view of the hub of FIG. 6;

FIGS. 8, 9 and 10 are sections on the lines V1II—V1li
and IX—IX of FIG. 7 and X—X of FIG. 6, respectively;

FIG. 11 is an enlarged end view of an embodiment of
a seal plate means according to the present invention;

FIGS. 12, 13 and 14 are enlarged sections on the lines
X11—X1l, Xill—XIll, and XIV—-XI1V of FIG. 11;

FIG. 15 is an enlarged end view of a seal used in the
seal plate means of FIG. 11;

FIG. 16 is a section through the seal plate means of
FIG. 11 on the line XV1—XV1 of FIG. 11 and through
corresponding portions of the hubs of FIGS. 1 and 6;

FIG. 17 is a part section part elevation through an
embodiment of clamp means according to the present
invention, showing the upper part of the clamp means in
its clamped position and the lower part in its unclamped
position;

FIGS. 18 and 19 are sections on the lines
XVII—XVI and X1X—XIX, respectively, of FIG. 17,
FIG. 18 also showing support means for the clamp
means;

FIG. 20 is an end elevation of the hub of FIG. 1 with
the clamp means and including an embodiment of en-
gagement means according to the present invention;

FIG. 21 is a side elevation of the assembly of FIG. 20;

FIG. 22 is a plan view of an embodiment of a clamp
actuating means, with part of the housing thereof omit-
ted;

FIG. 23 is a side elevation of the clamp actuating
means of FIG. 22, with part of the housing omitted;

FIG. 24 is a part sectional part elevational view of
another embodiment of clamp actuating means accord-
ing to the present invention;

FIG. 25 is a section through part of the actuating
means of FIG. 24;

FIG. 26 is a side elevation of the hub of FIG. 6 and an
embodiment of a supporting structure and engagement
means according to the present invention;

FIG. 27 is an end elevation of the assembly of FIG.
26;

FIG. 28 is an end elevation of the hub of FIG. 6
showing the engagement means associated therewith
and part of a supporting structure therefor;

FIG. 29 is a side élevation of the hub of FIG. 1 with
an embodiment of a supporting structure according to
the present invention;
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FIG. 30 is a section on the line XXX—XXX of FIG.
29;

FIG. 31 is a section through an embodiment of an
engagement means associated with the hub of FIG 1
according to the present invention;

FIG. 32 is a section through the end of the engage-
ment means of FIG. 26 showing an embodiment of axial
restraining means according to the present invention;

FIG. 33 is a section through the end of the engage-
ment means of FIG. 31 when engaged with the engage-
ment means of FIG. 26, and showing another embodi-
ment of axial retaining means;

FIG. 34 is a part transverse section part end elevation
through the means of FIG. 33;

FIG. 35 is an axial section through the engagement
means of FIG. 26 showing an embodiment of a release
tool for releasing the engagement means according to
the present invention,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The assembly shown in the drawings is for connect-
ing the process fluid, control fluid and electrical lines of
one sub-sea assembly, as shown a Christmas Tree (CT)
1, with those of another adjacent sub-sea assembly, as
shown a fluid control module or assembly of modules
(FCM) 2 which is mounted beside the CT and has a
predeiermined fixed position relative to the CT within
manufacturing and installation tolerances. The fluid
lines of the CT are connected to a laterally projecting
CT hub 3 arranged with its axis generally horizontal,
which is movable to a limited extent relative to the CT
and is supported in a manner permitting this limited
movement on the CT 1. The fluid lines of the FCM 2
are connected to a laterally projecting FCM hub 4
arranged with its axis generally horizontal, fixed to the
FCM and for connection to the CT hub. Initially the
hubs 3, 4 are arranged with their free end connection
faces a certain distance apart and the two hubs may not
be exactly axially aligned. As will be described hereaf-
ter, the FCM 2 or FCM hub 4 supports engagement
means operated from the FCM and movable relative
thereto between a retracted position and an extended
position in which they engage with passive engagement
means fixed relative to the CT hub 3 for moving the CT
hub 3 into axial alignment with the FCM hub 4 and
which can be latched together so that retraction of the
engagement means associated with the FCM hub 4 will
bring the CT hub 3 into juxtaposition with the FCM
hub 4. Clamp means also operated from the FCM are
provided for clamping the ends of the two hubs 3, 4
together. Conveniently, seal plate means carrying all
the required seals for sealing between the ends of the
fluid lines is interposed between the end connection
faces of the hubs. The fluid and electrical connections
between the CT and FCM are thus made remotely and
may be made with or without the intervention of
ROVs.

The FCM hub 4 (FIGS. 1 to 5) is preferably made of
a single forging and is generally elongate with generally
cylindrical end portions 5, 6 and an intermediate portion
7 having a smaller, generally rectangular section having
one dimension equal to the diameter of the end portions
5, 6. At least one bore, and as shown two bores 8, 9, for
process fluid extend the length of the hub and open at
the end faces 10, 11 of the end portions 5, 6. One end
portion 6 is fixed to the FCM and may be provided with
an apertured flange 12 for bolting to the FCM. The end
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face 11 of this end portion 6 may be generally planar
and the opening of each bore 8, 9 in the face 11 is associ-
ated with a seal for sealing between the ends of bores 8,
9 and the ends of corresponding process fluid ducts in
the FCM. The opening of each bore may for example be
surrounded by a recess for receiving a seal or, as shown,
the end of each bore may be frusto-conical to receive an
AX type metal seal. The other end portion 5 is for con-
nection to the end of the CT hub and has a flange 14,
having a frusto-conical rear surface 15, for engagement
by the clamp means. End portion 5 also has a plurality
of smaller bores 16 for control fluid which extend be-
tween the end connection face 10 and an oppositely
directed face 17 of the end portion 5 where they are
connected to high pressure tubing 18, for example by
ferrule lock connections, connected to control fluid
ducts in the FCM. The end connection face 10 is gener-
ally planar and each of the fluid ducts 8, 9 and 16 opens
into the end face 10 in a frusto-conical portion for re-
ceiving a seal. The end portion 5 also has a generally
central recess 19 which opens at one end into the end
face 10 and at the other end laterally of the intermediate
portion 7, for receiving part of an inductive coupling.

The CT hub 3 (FIGS. 6 to 10) is also preferably made
of a single forging and has a construction similar to that
of the FCM hub with a cylindrical end portion 20 for
connection to the corresponding end of the FCM hub 4,
an end portion 21 and an intermediate portion 22 of
reduced, generally rectangular section. Two bores 23,
24 for process fluid, corresponding to bores 8, 9, extend
from end connection face 25 of end portion 20 the
length of the hub. The end portion 20 also has control
fluid bores 27 corresponding to the bores 16 of the FCM
hub and which open into the end face 25 and into an
oppositely directed face 28 of the end portion 20 where
they are connected to flexible high pressure tubing 29
comnected to the CT. The end portion 20 also has a
flange 30 corresponding to flange 14 with a similar
frusto-conical rear face 31 for engagement by the
clamp. All of the bores 23, 24 and 27 open into the end
face 25 in frusto-conical recesses. A central recess 34,
corresponding to recess 19 and for the other half of the
inductive coupling, is also provided in end portion 20.

The other ends of the process fluid bores 23, 24 may
open into the end face 26 of end portion 21, which may
terminate in a circular flange, or may open laterally into
lateral faces of end portion 21, which then conveniently
terminates in a polygonal flange. These ends of bores
23, 24 are connected to separate process fluid lines 32,
for example by bolted flanges, the process fluid lines 32
being connected to the CT. Seals are provided in the
appropriate face of portion 21 surrounding each process
fluid bore opening.

The end faces 10, 25 of the FCM and CT hubs, 4, 3
are intended to be clamped together with the interposi-
tion of a seal plate 40 (FIGS. 11 to 16) which carries all
the seals required for sealing the various fluid carrying
bores together with means for ensuring correct align-
ment and orientation of the hubs with the seal plate and
for retaining the seal plate on one of the hubs when the
hubs are spaced apart. The seal plate 40 is generally
planar with a diameter corresponding to the diameter of
the end faces 10, 25 of the hubs and openings 41, 42 and
43 corresponding to the bores 8, 23, 9, 24 and 16, 27 in
the end portions 5, 20 of the hubs 4, 3. The openings 41,
42 and 43 are provided with AX type seals 44 which are
arranged so that they float to a limited extent in the
openings. Each seal has a generally cylindrical body 45



4,886,300

5

with tapered end portions 46 for contacting and sealing
against the frusto-conical ends of the ducts in the hubs.
Each seal 44 is loosely retained in the seal plate by snap
rings 47 engaged with the seal and which overlie each
of the faces of the seal plate, and is centered by an elas-
tomeric O-ring 48 held captive in a groove 49 in the seal
body. For pressure testing purposes, the body 45 of
each seal has at least one, as shown two, external axial
grooves 50 permitting fluid to flow from one face of the
seal plate to the other. Each of the openings 41 and 42
is also surrounded in each face of the seal plate by a
dovetail groove 51 receiving an elastomeric O-ring 52.
The seal plate 40 is provided with a central opening 54
corresponding to recesses 19 and 34 in the hubs for
permitting the two parts of the inductive coupling in the
hubs to meet.

The means for ensuring alignment and correct orien-
tation of the hubs with each other and the seal plate,
comprise at least one, as shown two, dowel pins 55
(F1G. 14) which are threaded into or otherwise engaged
in openings 56 in the seal plate and project from both
faces of the seal plate. The end portions 57 of the dowel
pins are frusto-conical to facilitate their insertion into
corresponding blind bores 58 in the end faces 10, 25 of
the hubs.

When the hubs are not connected together, the seal
plate 40 will normaily be carried by one of the hubs 3,
4. For this purpose, the seal plate is provided with at
least one, preferably two, latch means movable between
two conditions in one of which the latch means latch
the seal plate to one hub and in the other of which the
latch means latch the seal plate to the other hub, means
being provided for moving the latch means between
their two conditions. Each latch means may be rotated
between its two conditions with, for example, a bayonet
type action for latching to a hub and pins engageable in
helical grooves in an operating member in the FCM
hub. Alternatively, as shown in FIG. 16, the laich
means may be in the form of latches 60 pivotally
mounted in openings 61 in the seal plate and projecting
from both faces of the seal plate to be received in bores
62, 63 in the end portions of the hubs 3, 4. The bores 62,
63 are formed with lugs 64, 65 behind which end por-
tions of the latches are engageable. Each latch 60 may
be spring biassed to a position engaging the correspond-
ing lug 65 of the CT hub and is disengageable therefrom
and engageable with the corresponding lug of the FCM
hub by operation of an operating member 66 mounted
on the end of the piston of a double acting hydraulic
cylinder 67 mounted in the bore 62 in the FCM hub and
controlled from the FCM. Alternatively the latch 60
may be moved to a position engaging the CT hub by an
operating member 66a corresponding to member 66
provided in bore 63 in the CT hub and mounted on the
end of the piston of a double acting cylinder controlled
by hydraulic fluid supplied via bores in the FCM hub
and bores in the CT hub so that the operating member
66a can only be operated when the hubs are clamped
together. Initially the seal plate 40 is supported on and
latched to the FCM hub 4.

When axially aligned and juxtaposed with the inter-
position of the seal plate 40, the ends of the hubs 3, 4 are
clamped together by a clamp 70 (FIGS. 17 to 23) which
is adapted to engage around the shaped flanges 14, 30 at
the ends of the hubs 3, 4 and urge them towards each
other and into sealing engagement with the seals on the
seal plate 40. The clamp comprises two members 71, 72,
each of which encircles part of the periphery of the
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hubs and each of which is formed with a part circular
groove 73 of generally Ushape with inclined or frusto-
conical side surfaces 74 and which corresponds in shape
to the overall shape of the hub flanges 14, 30 and inter-
posed seal plate 40. The two members 71, 72 are as
shown located one above and one below the hubs and
are brought substantially simultaneously together
around the hubs, causing progressive engagement of the
frusto-conical surfaces 74 with faces 15,31 of the hub
flanges to urge the flange of the CT hub towards the
flange of the FCM hub. The members 71, 72 may alter-
natively be located one on each side of the hubs.

The clamp members 71, 72 have corresponding pairs
of ears 75, 76 by which they are connected together.
The ears of each pair of ears have aligned throughbores
77, 78 which receive elongaie members 79. In the em-
bodiment illustrated in FIGS. 17 to 23, the elongate
members are in the form of bolts 79 which are threaded
through threaded openings 80 in circular nuts 81 re-
ceived in transverse blind bores 82 intersecting bores 77,
78 in each ear. The threads on the nuts in the pairs of
ears are opposed so that, as each bolt 79 is rotated, the
ears 75, 76 and clamp members are simultaneously
moved together or apart. The nuts 81 are rotatable in
the bores 82 and the bores 77, 78 are transversely larger
than the bolts 79 to permit limited relative movement
between the clamp members and bolts which may occur
if the corresponding pairs of ears are moved apart or
drawn together at different rates. The bolts 79 extend
above the upper clamp member and are provided with
end portions 83 suitable for engagement by a driving
unit. The end portions 83 may for example be axially
toothed or may be polygonal in section.

The clamp 70 is supported on the FCM in a position
aligned with the end face of the FCM hub and with the
groove 73 substantially centered on the seal plate 40, the
seal plate being supported on the end face 10 of the
FCM hub 4. For supporting the clamp 70 on the FCM,
centrally between the ears 75, 76, each bolt 79 is pro-
vided with a flange 84 and is inserted through a corre-
sponding opening in a support plate 85 which engages
under the flange 84, a thrust washer 86 engaged on the
other side of the flange being bolted to the plate 85. The
support plates 85 extend to the FCM side of the clamp
and each is fixed to, or formed integrally with, a base
support member 87 (FIG. 18) mounted for limited
movement relative to a fixed support member 88 which
support member 88 is fixed relative to the FCM. The
base support member 87 is slidable on the fixed support
member 88 in a plane perpendicular io the axis of the
FCM hub to permit limited adjustment of the position
of the clamp in this plane. To limit movement of the
support member 87 relative to fixed support member 88,
member 87 is connected by bolts 96 to a second member
91, the support member 88 being received between
members 87 and 91 with the bolts 90 passing through
oversize holes 92 in support member 88. Limited adjust-
ment of the position of the clamp in the direction of the
axis of the FCM hub is provided by permitting the nuts
81 to move axially to a limited extent within their bores
82, the nuts 81 being biassed by springs 89 in one direc-
tion axially of the hubs.

As described above the clamp members 71, 72 are
interconnected and moved together and apart by two
bolts 79. In a modification, four bolts may be used, two
bolts passing through each pair of ears 75, 76.

The mechanism 100 for rotating the bolts of the
clamp is mounted on the top of the clamp, is operated
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by hydraulic fluid supplied by the FCM and may take a
variety of different forms. For example, it may be in the
form of an hydraulic torque wrench, an example of
which is shown in FIGS. 22 and 23. As shown, the
upper end portion 83 of each bolt 79 is polygonal. A
toothed wheel 101 is engaged on the end portion 83 of
each bolt, the wheel being associated with an assembly
- 102 carrying two pawls 103, 104 pivoted on the assem-
bly 102 for movement into and out of engagement with
the teeth of the wheel. The pawls 103, 104 are con-
nected to the pistons 105, 106 of pivotally mounted
hydraulic cylinders 107, 108 for movement thereby, one
pawl being provided for engaging the clamp around the
hub flanges and the other for disengaging the clamp. In
operation the appropriate cylinders are pressurised to
cause the pistons to be extended. The connected pawls
are first engaged with the teeth of the wheels and then
further extension of the pistons causes rotation of the
wheels and thereby of the bolts. At the end of travel of
the respective piston it is retracted, the corresponding
pawl is immediately freed from the teeth and returned
to its initial position. This cycle is repeated until the
clamp has been engaged or disengaged as required.
Cyclic operation of the cylinder of the other pawl re-
verses the rotation.

The wheels 101, pawlis 103, 104 and cylinders 107,
108 are mounted within a housing 109 which sits on iop
of the clamp, at least the lower wall of the housing
being apertured to receive the end portions 83 of the
bolts 79. Advantageously, the end portions 83 of the
bolts 79 project through the upper wall of the housing
to be engageable by an ROV or other drive means for
operating the clamp means in the event of failure of the
hydraulic torque wrench.

It will be appreciated that there are a variety of other
ways in which the clamp members 71, 72 can be drawn
together and moved apart using elongate members ex-
tending through the ears 75, 76 of the members. An
alternative system is shown in FIGS. 24 and 25. The
ends of the elongate members 79 are connected to pis-
tons 117, 118 of double acting hydraulic cylinders 115,
116 mounted on the ears. Supply of hydraulic fluid to
one face of each piston draws the clamp members to-
gether and supply to the other face of each piston sepa-
rates the clamp members. To prevent inadvertent re-
lease of the clamp members when they have been fully
drawn together, a locking system may be provided
which, as shown, comprises for each ear a locking
wedge 119 which is inserted through a lateral bore 120
in each ear and into a correspondingly shaped opening
121 in the elongate member 79. Each wedge 119 may, as
shown, be inserted under the control of a double acting
hydraulic cylinder 122 mounted on the respective ear.
When not in use the wedges 119 are retracted from the
bores 77, 78.

The CT hub 3 is supported on the CT 1 (FIGS. 26
and 27) in such a way as to permit limited movement of
the hub transversely and angularly so that it can be fully
aligned with the fixed FCM hub. The CT hub is also
initially axially restrained relative to iis support on the
CT but is releasable therefrom to permit it to be juxta-
posed with the FCM hub. To this end, the CT hub 3 is
arranged to extend through an oversize aperture 130 in
a window plate 131 extending transversely of the hub,
the aperture 130 being dimensioned to permit limited
transverse and angular movement of the hub relative
thereto, the dimensions being determined by manufac-
turing and installation tolerances. The window plate

5

20

25

40

45

50

55

60

65

8

131 is fixed to a mounting structure 132 fixed relative to
the CT. Transversely extending guide plates 133, 134
are arranged one on each side of the window plate, the
guide plates being provided with apertures 135 through
which the hub extends and which are dimensioned so as
to permit axial movement of the hub relative thereto.
The guide plates move transversely with the hub and
are interconnected by bolts 136 extending through simi-
larly oversize openings in the window plate and pro-
vided with spacers ensuring clearance between the
guide and window plates to permit relative transverse
movement therebetween. Initially, the CT hub is axially
retained or restrained relative to the guide plates.

Arranged around and fixed to the CT hub is a plural-
ity of engagement means 140 for cooperating with en-
gagement means 151 associated with and arranged
around the FCM hub for aligning the CT hub with the
FCM hub and for use in drawing the CT hub towards
the FCM hub. As shown the CT hub engagement means
140 comprise hollow generally conical or inwardly
tapering elements or guide cones 140a providing end
portions of elongate tubular members 1405 and for re-
ceiving engagement means in the form of generally
conical or tapering elements associated with the FCM
hub. As shown, four guide cones 140a are provided
spaced around the CT hub, the FCM being provided
with four corresponding conical elements as will be
described hereafier. The tubular members 1405 are
interconnected by a rigid structure 141 (FIG. 28) which
is also connected to the CT hub so that the hub and
cones move fogether. As shown, the structure 141 com-
prises a pair of axially spaced plates 141a which are
fixed to flanges 1416 on the CT hub and to flanges on
the members 140b. The members 1405 also extend
through openings 142, 143 in the window and guide
plates 131, 133 and 134, the window and guide plates
being arranged between plates 141a so as not to inter-
fere with axial movement of the CT hub into juxtaposi-
tion with the FCM hub. The openings 142 in the win-
dow plate 131 are dimensioned to permit relative trans-
verse and axial movement of the members 1405 with the
CT hub but the openings 143 in the guide plates 133, 134
have dimensions corresponding to the exterior dimen-
sions of the members 1405 so as to permit axial move-
ment of the cones relative thereto but to cause the mem-
bers 1405 and guide plates to more transversely to-
gether. The openings 135 in the guide plates for the CT
hub may have dimensions corresponding to the exterior
dimensions of the hub or may be oversize. The CT hub
will in any event move transversely with the guide
plates because it is fixed to the members 1405.

Axial restraint of the CT hub 3 relative to the guide
plates 133, 134 is provided by releasable restraining
means which axially connect the leading guide plate 133
to the engagement means 140. The restraining means
may be spring biassed detent type latches which are
released by a sufficient axial force on the CT engage-
ment means 140. Alternatively they may be released by
means on the FCM engagement means.

The FCM engagement means 151 associated with the
FCM hub comprise four generaily conical elements
151a corresponding to the four cones 140g, and which
form the end portions of four generally elongate cylin-
drical members in the form of pins 1515 which are sup-
ported by but axially movable relative to the FCM
and/or FCM hub.

The FCM and/or FCM hub carries a support struc-
ture 150 (FIGS. 29 and 30) for the pins 1516 which



4,886,300

9 .
comprises plates 150a similar to plates 141a, one plate
‘1502 being bolted to flange 1505 on the FCM hub and
the other being bolted to the rear end of the FCM hub
and may also be bolted to the FCM.

Each pin 1515 (FIG. 31) is received in a guide sleeve
152 fixed to the support structure 150 and is axially
movable relative thereto between retracted and ex-
tended positions relative to the FCM. In the extended
positions, the conical elements engage in the cones of
the CT hub to align the CT hub with the FCM hub.
Angular movement of each pin 1515 relative to its guide
sleeve 152 is prevented for example by slidable engage-
ment of a key 153 on the pin in an axial slot 154 in the
guide sleeve 152. The body of each pin defines at least
one annular space, comprises at its forward end the
conical element and cooperates with a tubular coaxial
structure extending within the pin from the base of the
guide sleeve to define an hydraulic cylinder having two
chambers to which hydraulic fluid is supplied through
ducts in the base of the guide sleeve to cause extension
and retraction of the pin. As shown in FIG. 31, the body
of each pin comprises a central cylindrical portion 155
and a coaxial cylinder 156 defining therebetween an
annular space closed at its forward end by the conical
element 151a which provides the pin with a conical
leading end surface 158 and has a transverse bore 159,
The base 160 of the guide sleeve carries two coaxial
cylinders 161, 162 received in the annular space be-
tween the co-axial cylinders 155, 156 and defining there-
with a double acting hydraulic cylinder having a first
chamber 163 defined between the base of portion 156
and cylinder 161 and a second chamber 164 defined
between the cylinders 156 and 162, the cylinders 156
and 162 being provided with seal bearing flanges for
sealing the chamber 164. Fluid is supplied to the cham-
bers 163, 164 through ducts in the base of the guide
sleeve and via duct 166 respectively in the cylinder 162.
Supply of fluid to chamber 163 causes extension of the
pin and supply of fluid to chamber 164 causes retraction
of the pin.

When the conical elements and cones are engaged
together and the hubs aligned, latch means latch the
conical elements and cones together so that, when the
axial restraint on the CT hub is removed, retraction of
the conical elements will juxtapose the CT hub with the
FCM hub. As shown, the latch means are associated
with the conical elements and are movable under the
control of fluid operated means into engagement with
the cones.

In this embodiment, the transverse bore 159 in the
conical element of each pin receives a latch member 170
movable between a retracted position and an extended
position projecting transversely from the element 151a
for engagement in an opening in the corresponding
cone 140q for latching the two together when they are
engaged. For movement of the latch member between
its retracted and extended positions, the latch member
170 may define with the bore 159 two chambers of a
double acting hydraulic cylinder which chambers are
provided with hydraulic fluid through the base 160 of
the guide sleeve and ducts extending within the pin,
supply of fluid to one chamber causing extension of the
member 170 and supply of fluid to the other chamber
causing retraction of the latch member 170.

Alternatively the latch member may be moved trans-
versely by a double acting cylinder acting axially of the
pin, the action of the cylinder being translated into
transverse movements of the member 170 by an appro-
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priate linkage. Such an arrangement is shown in FIG.
31. As shown, the pin 1515 defines an axial cylinder 171
in which a piston 172 is received, the piston defining
two chambers 173, 174 supplied with hydraulic fluid
through ducts 175 in the pin and base respectively and
connected by flexible pipes extending within the annu-
lar space in the body of the pin. The outer end of the
piston 172 has a transverse slot 176 through which the
inner end of the latch member 170 extends and the two
are coupled by a pin 177 fast with the piston and extend-
ing across the slot 176 and through an inclined slot 178
in the latch member such that axial movement of the
piston is translated into radial movement of the latch
member. The leading end of the piston may terminate in
a release pin 179 which projects through the nose of the
conical element 151a when the latch member 170 is in
its extended position and forms the apex of the conical
element when the latch member is in its retracted posi-
tion. The projecting end of the pin is intended for en-
gagement by a tool, in the event of jamming of the latch
member 170 in its extended position, to force the piston
172 to its rearward position and so retract the latch
member 170. If required, each guide sleeve 152 may
carry a stop (not shown) which is normally retracted
within an opening in the wall of the sleeve but is extensi-
ble into the path of the retracting pin by operation of an
associated cylinder to limit retraction of the pin when
engaged with the cone and the CT hub.

The pins 151 are powered from a single hydraulic
source and are hydraulically connected in parallel. Dur-
ing extension of the pins they may travel at different
rates depending on the frictional resistance to move-
ment of each pin.

The interior of each cone 140a (FIGS. 28 and 34) is
shaped to provide a frusto-conical entry portion 190
having a diameter which is sufficiently large that the
conical element 151a of the corresponding pin 1515 will
be received in it even at the limits of manufacturing
tolerances. The frusto-conical portion 19¢ is followed
by a cylindrical portion 191 of a diameter slightly
greater than that of the pins for receiving and engaging
the cylindrical portion of the pin immediately rearward
of the cone of the conical element, and a further frusto-
conical portion 192 corresponding in shape to the lead-
ing surface 158 of the conical element. During connec-
tion of the hubs, the pins are driven forward until the
leading surfaces 158 of the conical elements 151g are all
fully engaged with and centered in the portions 192 of
the cones, at which point the CT hub will be axially
aligned with the FCM hub. The latch members 170 in
the elements 151a will also be aligned with openings 195
(FIG. 34) in the cone walls and are then extended to
latch the pins with the cones and therefore with the CT
hub. The pins 151 are then retracted to pull the CT hub
towards the FCM hub, once the axial restraint on the
CT hub has been removed. The finally retracted posi-
tions of the pins, when engaged with the cones, may be
determined by contact between the hubs and the seal
plate, or by the stops associated with the pins, if pro-
vided.

Where the CT hub is axially restrained relative to the
guide plates 133, 134 by spring biassed detents active
between the engagement means 140 and guide plates,
the force exerted by the retracting pins 1516 overcomes
the spring bias to release the engagement means 140
from the guide plates 133, 134. The CT hub may alter-
natively be restrained relative to the guide plates 133,
134 by restraining means acting between the engage-
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ment means 140 and guide plates which are disengaged
by the latch members 170.

One such arrangement is shown in FIG. 32. As
shown also in FIG. 27, adjacent each opening 135 in
guide plate 133 there is a restraining means 200 compris-
ing a housing 201 mounted on the guide plate 133 and
housing a bolt 202 biassed by a spring 203 outwardly of
the housing into engagement with the opening 195 in

" the wall of the corresponding cone 140. When the cor-
responding conical element 151a is engaged in the cone,
movement of the latch member 170 to iis extended
position to latch the conical element to the cone pushes
the bolt 202 out of the opening 195 back into the hous-
ing 201 to disengage the cone from the guide plate 133.

Another arrangement is shown in FIGS. 33 and 34.
Around each opening 135 in the guide plate 133 there is
a housing 210 for an annular element 211 carrying at
two diametrically opposed locations radially inwardly
extending lugs 212, 213. The annular element 211 has a
greater diameter than the part of the cone it surrounds
and is movable in the direction of the diameter of the
lugs between one position in which lug 212 is engaged
in the opening 195 in the wall of the cone and a second
position in which the one lug has been withdrawn from
opening 195 and the other lug 213 enters the end of an
axial slot 214 in the cone. In the one position of the
annular element 211, the cone is axially retained relative
to the guide plate 133 and in the other position the cone
can move axially relative to the guide plates, the lug 213
sliding along the slot 214. Thus when the latch member
170 is inserted into the opening 195 it displaces the lug
212 from the opening freeing the cone from axial re-
straint and moving the annular member to its other
position. The conical element of each pin is cut away at
215 so that the lugs 213 do not interfere with retraction
of the pins with the cones and CT hub.

For use in the event of failure of the above described
systems to release the latch members 170 from engage-
ment with the cones, when it is required to do so, there
is provided an independently operable system compris-
ing release tools associated with each cone. Each re-
lease tool is in the form of a cylinder 220 (FIG. 35)
slidable in the respective tubular member 1405 from a
retracted inoperative position forwardly to push the
release pin 179 back into the conical element 151a o
force the cylinder 172 backwardly and so retract the
latch member 170 and move it out of engagement with
the cone. Further movement of the cylinder 220 causes
the pin to be pushed out of the cone. For moving the
cylinder 220, it may be threaded onto a threaded body
221 which is rotatable, the cylinder 220 being prevented
from rotation by a key 222 engaging in a key way 223 in
the wall of the tubular member 14156. Body 221 is ar-
ranged to be rotated by an ROV or other drive means
which is coupled, as and when required, to a splined
shaft 224 projecting from the rear end of the tubular
member 1415.

In normal operation, when the pins have been fully
retracted to bring the hubs into juxtaposition with the
interposition of the seal plate, where provided, the
clamp means is then operated to clamp the hubs to-
gether. Once clamped together, the pins can be released
from the cones by retraction of the latch members and
fully retracted into the guide sleeves. If it is required to
move the hubs apart after they have been clamped to-
gether, e.g. to release the seal plate for replacement or
inspection, the pins are partially extended to bring the
conical elements into the cones, the clamp is disengaged
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from the hub flanges, and the pins are then fully ex-
tended to move the CT hub away from the FCM hub.
The seal plate may remain supported on the FCM hub
or may be moved with the CT hub depending on the
condition of the latch means in the seal plate when the
hubs are separated.

Although as described above, the CT hub is movable
and the FCM hub is fixed, it will be appreciated that the
CT hub could be fixed to the CT and the FCM hub
would be movable and would then be associated with
the window and guide plates.

While the connection assembly described above has
been described in relation to the connection of fluid
carrying and electrical lines of a Christmas Tree and a
fluid control module or an assembly of fluid control
modules positioned adjacent the Christmas Tree, it will
be appreciated that ithe connection assembly is equally
applicable to the connection of such lines between other
sub-sea assemblies. Additionally, while as described
above, the cones are fixed relative to the movable hub
and the conical elements are mounted on the fixed hub
for movement relative thereto, it will be appreciated
that the cones could alternatively be mounted on the
ends of the elongate engagement members associated
with the fixed hub for movement relative thereto for
engagement with the conical elements which would
then be fixed relative to the movable hub. Furthermore,
while as described above the active components of the
apparatus are all associated with the fixed hub, this is
because the fixed hub is the FCM hub and the FCM is
the source of control fluid. In other circumstances, the
hub associated with the supply of control fluid may be
the movable hub so that the active components would
then be associated with the movable hub.

What is claimed is:

1. In combination with a first hub which defines an
axis and which has a first end face and a plurality of first
fluid lines that extend to said first end face in a first
pattern, and a second hub which defines an axis and
which has a second end face and a plurality a second
fluid lines that extend to said second end face in a sec-
ond pattern, said second pattern being a mirror image of
said first pattern, an apparatus for connecting said first
hub and said second hub such that said axes thereof will
be coaxial and said first and second end faces will be
oriented such that said first and second patterns will be
in register and said first fluid lines can communicate
with said second fluid lines, said apparatus comprising

a plurality of first engagement members,

first mounting means for fixedly mounting said first

engagement members around said axis of said first
hub in a third pattern,
a plurality of second engagement members,
second mounting means for movably mounting said
second engagement members around said axis of
said second hub in a fourth pattern, said fourth
pattern being a mirror image of said third pattern,
said second engagement members being movable in
the direction of said axis of said second hub from a
retracted position to an extended position where
they are engageable with said firsi engagement
members, thereby causing said first and second
hubs to become oriented such that said first and
second patterns will be in register and said first and
second fluid lines will be aligned with each other,

means for moving said second engagement members
between their retracted and extended positions,
and
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latch means for latching said engaged first and second
engagement members together so that movement
of said second engagement members towards said
retracted position will cause said first and second
hubs to become juxtaposed.

2. Apparatus as claimed in claim 1, wherein said first
engagement members comprise a plurality of generally
conical elements arranged by said first mounting means
around said first hub and said second engagement mem-
bers comprise a plurality of generally correspondingly
shaped receptor elements arranged by said second
mounting means around said second hub, said conical
elements being receivable and engageable in said recep-
tor elements to axially align said hubs.

3. Apparatus as claimed in claim 2, wherein said latch
means comprise a latch member mounted in each said
conical element, each latch member being movable
between an extended operative position and a retracted
inoperative position and each associated with a piston of
a cylinder defined within the respective said engage-
ment member.

4. Apparatus as claimed in claim 2, wherein said sec-
ond engagement members comprise elongate members
arranged with their axes extending generally parallel to
said axis of said second hub, provided at their ends with
corresponding elements, and which are movable axially
relative to said second hub between their retracted and
extended positions.

5. Apparatus as claimed in claim 4, comprising guide
means fixed relative to said second hub for guiding said
elongate members in their movement between their
extended and retracted positions relative to said second
hub.

6. Apparatus as claimed in claim 5, wherein said
means for moving said second engagement members
comprise cylinder and piston means defined by said
guide means and said elongate members.

7. Apparatus as claimed in claim 1, wherein said first
and second engagement members respectively comprise
a plurality of elongate members arranged around each
said hub with their axis generally parallel to said axis of
said respective first and second hubs and having end
portions forming elements which are engageable to-
gether for axially aligning said hubs.

8. Apparatus as claimed in claim 7, wherein said ele-
ments of said elongate members associated with one
said hub are generally conical and said elements of said
elongate members associated with the other said hub
have generally correspondingly shaped cavities for
receiving said conical elements.

9. Apparatus as claimed in claim 7, comprising guides
fixed relative to said second hub and receiving said
elongate members of said second engagement members,
said elongate members of said second engagement mem-
ber at least in part defining internally chambers for fluid
for moving said elongate members relative to said
guides.

10. Apparatus as claimed in claim 1, wherein said
latch means comprise latch members carried by said
engagement members associated with one of said hubs
and which are movable transversely relative thereto
between retracted inoperative positions and extended
operative positions for engaging in openings provided
in said engagement members associated with the other
said hub, and means are provided for moving said latch
members between their operative and inoperative posi-
tions.
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11. Apparatus as claimed in claim 10, wherein each
said latch member is movable transversely of the re-
spective said conical element and said associated piston
is movable axially of said engagement member and is
coupled to the respective said latch member by means
for converting axial movement into transverse move-
ment.

12. Apparatus as claimed in claim 11, wherein each
said piston carries a rod coaxial with the respective said
engagement member and which projects beyond the
end of said conical element thereof when said latch
member is in its operative position, for engagement by a
separate release tool for causing retraction of said latch
member in the event of failure of operation of said cylin-
der and piston.

13. Apparatus as claimed in claim 12, comprising a
release tool in respect of each said latch member,
mounted in said engagement members associated with
the said other hub, and movable into engagement with
the projecting ends of said piston rods when said en-
gagement members are engaged and latched together.

14. Apparatus as claimed in claim 1, wherein fluid
operated means are provided for operating said latch
means and said means for moving said second engage-
ment members are fluid operated, means being provided
for supplying fluid thereto associated with said second
hub.

15. Apparatus as claimed in claim 1, wherein one of
said hubs is fixed relative to a fixed structure and said
other hub is initially movable relative thereto, and
means are provided for axially restraining said other
hub in its initial position while permitting limited trans-
verse movement thereof.

16. Apparatus as claimed in claim 15, wherein said
restraining means comprises first and second plate
means extending transversely of said other hub and
through which said other hub extends, said first plate
means being fixed relative to said one hub and permit-
ting axial and limited transverse movement of said other
hub relative thereto to permit said hubs to be axially
aligned, said second plate means being axially restrained
relative 1o said first plate means but transversly movable
with said other hub relative thereto, means being pro-
vided for axially restraining said other hub relative to
said second plate means, said axially restraining means
being releasable to permit said other hub to be moved
axially to be juxtaposed with said one hub.

17. Apparatus as claimed in claim 16, wherein said
engagement members associated with said other hub
extend through said first and second plate means and are
axially restrained by said second plate means while
being movable transversely relative to said first plate
means with said other hub.

18. Apparatus as claimed in claim 17, wherein said
axially restraining means are mounted on said second
plate means, act on said engagement members associ-
ated with said other hub and are releasable by operation
of said latch means to latch said engagement members
together.

19. Apparatus as claimed in claim 17, wherein said
axially restraining means are mounted on said second
plate means and comprise a bolt in respect of each en-
gagement member associated with said other hub, and
biassing. means biassing said bolt into engagement with
the respective said engagement member.

20. Apparatus as claimed in claim 18, wherein each
said bolt is biassed into engagement in an opening in said
respective engagement member associated with said
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other hub, which opening is engaged by said latch
means when said engagement members are engaged
together to disengage said engagement members associ-
ated with said other hub from said axially restraining
means.

21. Apparatus as claimed in claim 1, comprising
clamp means for clamping said juxtaposed hubs to-
gether and support means for supporting said clamp
means relative to one of said hubs so as to be substan-
tially aligned with the end of said one hub.

22, Apparatus as claimed in claim 21, wherein said
support means for said clamp means is adapted to per-
mit limited movement of said clamp means transversely
and axially of said one hub.

23. Apparatus as claimed in claim 22, wherein said
one hub is said second hub.

24. Apparatus as claimed in claim 1, comprising seal
plate means for location between the ends of said hubs
to be connected together and carrying seals for sealing
between the ends of said lines in said hubs, said seal
plate means being carried by one of said hubs.

25. Apparatus as claimed in claim 24, comprising seal
plate latch means for latching said seal plate io one of
said hubs, said seal plate latch means being mounted in
said seal plate means.

26. Apparatus as claimed in claim 25, wherein said
seal plate latch means is movable between a first posi-
tion engaging said one hub and a second position engag-
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ing said other hub, and fluid operatied means are pro-
vided for moving said seal plate latch means.

27. Apparatus as claimed in claim 26, wherein said
seal plate latch moving means are provided in both
hubs, said seal plate latch moving means in one of said
hubs being connected to be provided with fluid through
the other said hub so that it is only operable when said
hubs are connected together.

28. Apparatus as claimed in claim 26, wherein said
other hub is said second hub.

29. Apparatus as claimed in claim 1, wherein said first
hub is associated with a first fixed structure and mov-
able relative thereto to a limited extent and said second
hub is fixed to a second structure fixed relative to said
first structure, at least some of the lines for fluid termi-
nating in said hubs.being connected to the respective
structure.

30. Apparatus as claimed in claim 1, wherein each
hub comprises a generaily elongate body through
which 2 plurality of bores extend and open into a gener-
ally planar end connection face for connection to the
corresponding face of the other hub, said end connec-
tion face of said hub being provided with a flange for
engagement by clamping means, and, intermediate the
ends of the body, the body of each hub is cut back to
provide a face opposed to the connection face and into

which at least some of the bores in the hub open.
* ®x % * %



